Effect of pressure on magnetic properties of magnetic nanoparticles, based on Prussian blue analogues, were studied in pressures up to 1.2 GPa. The Mn 3 [Cr(CN) 6 ] 2 · nH 2 O and Ni 3 [Cr(CN) 6 ] 2 · nH 2 O nanoparticles were prepared by reverse micelle technique. Transmission electron microscopy images show nanoparticles with average diameter of about 3.5 nm embedded in an organic matrix. The characteristic X-ray peaks of nanoparticles are more diffused and broader. Systems of nanoparticles behave as systems of interacting magnetic particles. The Curie temperature TC is reduced from T C = 56 K for Ni-Prussian blue analogues to T C = 21 K for Ni-nanoparticles system and from TC = 65 K for Mn-Prussian blue analogues to T C = 38 K for Mn-nanoparticles system. One can explain this reduction of the Curie temperature and of the saturated magnetization µs by dispersion of nanoparticles in an organic matrix i.e. by a dilution effect. Applied pressure leads to a remarkable increase in T C for system of Mn-nanoparticles (∆T C /∆p = +13 K/GPa) and to only slight decrease in T C for system of Ni-nanoparticles (∆T C /∆p = −3 K/GPa). The pressure effect follows behavior of the mother Prussian blue analogues under pressure. The increase in saturated magnetization, attributed to compression of the organic matrix, is very small. 
Introduction
In the last few years, there has been considerable interest in preparation and investigation of magnetic nanoparticles (NAP) because of their potential applications in high density recording media, but also for the reasons as macroscopic tunneling [1] and quantum computing [2] . After discovery of single-molecule magnet behavior in Mn 12 -acetate with highest spin ground state S = 51/2 [3] one of the important issue of magnetism is the study of objects with magnetic moments intermediate between this value and the value of metallic NAP with S ≥ 1000 [4] . NAP based on Prussian blue analogues (PBA) prepared by reverse micelle technique with S < 1000 are promising candidates. The first report on application of this technique for preparation of NAP based on PBA has been made by Vaucher et al. in [3] . Later in paper [5] −N ≡ C−B III ) ions have to be considered; (ii) if the magnetic orbital symmetries of the metal ions are the same, the superexchange interaction is antiferromagnetic (J AF ); conversely, when their magnetic orbital symmetries are different, the super-exchange interaction is ferromagnetic (J F ). The cluster glass behaviour is frequently observed in this system [6, 7] . The results of the pressure effect on magnetic properties of the mother PBA were recently published in [8] . In our paper we study the pressure effect on magnetic properties of Mn 2+ −Cr III −NAP and Ni 2+ −Cr III −NAP embedded in an organic matrix.
Experimental
The reverse micelles technique described in [5] was used for preparation of Mn 2+ -Cr III and Ni 2+ -Cr III cyano-bridged nanoparticles dispersed in an organic matrix. The content of organic surfactants in the samples was estimated to about 22 wt.% (Ni-NAP) and 28 wt.% (Mn-NAP) by thermogravimetric analysis (TGA) (SETARAM 9L). The compounds were characterized by IR spectroscopy (Avatar 330) confirming the presence of Mn-and Ni-based PBA. Transmission electron microscopy (TEM) observations were performed on JEOL JEM 200FX transmission electron microscope operated at 200 kV. X-ray diffraction (XRD) powder diagrams were recorded using a Philips X-Pert equipment at Cu K α radiation. Magnetization measurements were carried out with a SQUID magnetometer (MPMS). Pressure was generated by a hydrostatic CuBe pressure cell filled with a mixture of mineral oils serving as the pressure transmitting medium and operating up to 1.2 GPa [9] . Pressure induced changes of the saturated magnetization µ s and the Curie temperature T C are reversible.
Results and discussion
Dark-field (Fig. 1a) and bright-field TEM images show spherical Ni-NAP with average diameter of about 3.5 nm dispersed in an organic matrix. The distribution of the size is quite narrow and can be fit by a Gaussian distribution (Fig. 1b) . The characteristic XRD peaks of PBA are more diffused and broader. The average size of about 4.5 nm determined from X-ray measurements corresponds with TEM results. The system of Mn-NAP was prepared for the first time. Statistically there are at least two kinds of region with different concentration of magnetic NAP than the average concentration. An evidence for our assumption is indirect and comes from magnetization measurements. We expect that both systems Ni-NAP and Mn-NAP behave as systems of strongly interacting magnetic particles. The super-exchange interaction is dominant intra-NAP magnetic interaction. The dipole-dipole interaction is dominant inter-NAP magnetic interaction [5] . The dispersion of NAP into an organic matrix leads to a dilution of the mother PBA and consequently the Curie temperature is reduced from T C = 56 K for Ni-PBA to T C = 21 K for Ni-NAP system and from T C = 65 K for Mn-PBA to T C = 38 K for Mn-NAP system. We define the Curie temperature as a minimum of dM /dT on the sharp increase in M (T ) (Fig. 2a and b) . In the case of Mn-NAP we found two satellite minima in dM /dT . Each of these minima indicates T C of Mn-PBA sub-systems and represents two extra regions with different concentration of magnetic NAP.
We expect that pressure affects inter-NAP distance (high compressibility of an organic matrix) and changes magnetic properties of NAP. The applied pressure strengthens magnetic super-exchange interaction of Mn-NAP with dominant J AF and increases T C with pressure coefficient ∆T C /∆p = +13 K/GPa (Fig. 2a) mainly due to the increased overlapping of magnetic orbitals [8] . As it is shown in Fig. 2b , pressure decreases T C (∆T C /∆p = −3 K/GPa) for system of Ni-NAP with dominant J F which is mainly attributed to less effective magnetic coupling due to the reduction in the bonding angle Ni 2+ −N ≡ C−Cr III from an ideal value of 180
• [8] . Figure 3a demonstrates a dilution effect. The shape of the magnetization curve for Ni-NAP is the same as for Ni-PBA and the reduction of the saturated magnetization µ s is mainly due to reduced ratio of mother PBA (only 65 wt.%) in the system. The applied pressure increases magnetic moment µ s (Fig. 3b) . This behaviour is opposite to the behaviour of the mother Ni-PBA [8] and is attributed to the reduction of inter-NAP distances by compression of the organic matrix.
